The exclusive semileptonic B → K1(1270) 
calculated in the Light Cone QCD approach and by taking the mixing angle θK = −34
• , the impact of the parameters of the THDMs on different asymmetries in above mentioned semileptonic B meson decays are studied. In this context the forward-backward asymmetry and different lepton polarization asymmetries have been analyzed. We have found comprehensive effects of the parameters of the THDMs on the above mentioned asymmetries. Therefore, the precise measurements of these asymmetries at the LHC and different B factories, for the above mentioned processes, can serve as a good tool to put some indirect constraints on the parametric space of the different versions of THDM.
I. INTRODUCTION
The Standard Model (SM) of particle physics successfully explain the observed data so far and the recent observation of a Higgs (like) boson with the mass range of 126 GeV support it further. However, it is still far to believe as an ultimate theory of nature. The LHC data is now ready to have further analysis which possibly check the SM in more detail and also probe down to New Physics (NP). It is, therefore, an exciting time to test the predictions of the SM in different sector and try to identify the nature of physics beyond it. The study of the rare decays of B mesons induced by the flavor changing neutral current transitions (FCNC), being loop suppressed in the SM, provides us a natural ground to look for the possible existence of the NP at TeV scale associated with the hierarchy problem.
The measurements of the inclusive b → s + − transitions are preferred because of the lower theoretical uncertainties.
However, they are most challenging to measure experimentally. The branching fractions and various asymmetries of the inclusive B → X s + − decays, where can be any of the three leptons and X s is any hadronic state with s quark are measured at Belle [1] and BABAR [2] . The theoretical studies of the rare B meson decays give an opportunity to investigate the physics beyond SM, where these decays are purposefully used to test these models and to constrain the parameter space of these models.
It is remarkable that most of the experimental results are in agreement with the SM predictions but the problems such as neutrino oscillations, the matter-antimatter asymmetry and the problems of dark matter can not be explained in this model. It is, therefore, widely believed that it is an effective theory at an electroweak scale. In order to
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understand these unfinished mysteries of nature, there exist some physics which lies beyond the scope of the SM or need its extensions. In this context, some possible extensions of the SM including the little Higgs model [3, 4] , the extra-dimension model [5, 6] , and multi-Higgs models like the supersymmetric standard model [7] are extensively studied in literature.
Two Higgs doublet model (THDM) is among the most popular extensions of the SM. Contrary to the SM in where
we have only one Higgs doublet, in the THDM we consider two complex Higgs doublets. Generally, the THDM posses tree level FCNC transitions which can be avoided by imposing an ad-hoc discrete symmetry [8] . This results to two different possibilities:
• The first possibility to keep the flavor conservation at the tree level is to couple all the fermions to only one of the Higgs doublet. It is called to be the model I.
• The second possibility is when the up-type quarks are coupled to the one Higgs double and the down-type to the second one and it is named as model II. This is a popular choice because in this case the Higgs sector coincides with the supersymmetric model. [9] . Consistent with the low energy constraints, the FCNCs involving the third generation are not as severely suppressed as the one involving the first two generations. In contrast to the SM and THDMs I and II there exist a single CP phase of vacuum which leads to a rich source of the phenomenological studies of CP violating observables [10] .
In connection with the FCNC transitions mediated by b → s + − , like the rare semileptonic decays involving B → (X s , K * , K) + − , the B → K 1 (1270, 1400) + − decays are also rich in phenomenology to get some hints of the NP [11] . In some sense they might be even more interesting and sophisticated to NP because of the mixture of K 1A
and K 1B , where K 1A and K 1B are the members of two axial-vector SU(3) octect 3 P 1 and 1 P 1 states, respectively.
The physical states K 1 (1270) and K 1 (1400) can be obtained by the mixing of K 1A and K 1B as
where the magnitude of mixing angel θ K has been estimated to be 34
• [14] . Recently, from the studies of B → K 1 (1270)γ and τ → K 1 (1270)ν τ , the value of θ K has been estimated to be θ K = −(34 ± 13)
• , where the minus sign of θ K is related to the chosen phase of |K 1A and |K 1B [12] . Getting an independent conformation of this value of mixing angle θ K is by itself interesting. It has already been pointed out that this particular choice suppresses the BR for K 1 (1400) in the final state compared to K 1 (1270), which can be tested in at some on going and future experiments [13] .
There exists extensive studies showing that the observables such as branching ratio (BR), the forward-backward asymmetry (A F B ), lepton polarization asymmetries (P i ) and helicity fractions of the final state meson f L,T for semileptonic B decays are greatly influenced in different beyond the SM scenarios [11] . Therefore, the precise measurement of these observables will play an important role in the indirect searches of NP and possibly the signatures of the THDM. The purpose of present study is to addresses this question i.e., to investigate the possibility of searching NP due to variants of THDMs in B → K 1 (1270, 1400) + − decays with = µ, τ through forward-backward asymmetry and lepton polarization asymmetry.
The manifestations of the NP due to the THDM is two fold in a sense that it modifies the Wilson coefficients as well as it introduces the new operators in the effective Hamiltonian in addition to the SM operators. In the present study, the NP effects are analyzed by studying the forward-backward asymmetry A F B and the lepton polarization asymmetries for B → K 1 (1270) + − decays in all the three variants of THDMs, namely, models I, II and III.
The plan of the study is as follows: In sec. II, we fill our toolbox with the theoretical framework needed to study the said process in the THDM. In Sec. II A, we present the mixing of K 1 (1270) and K 1 (1400) and the form factors used in this study. In Sec. III, we discuss the observables of B → K 1 + − in detail, whereas, in Sec. IV we give the numerical analysis of our observables and discuss the sensitivity of these observables with the THDM parameters and finally we conclude the findings of present study.
II. THEORETICAL FRAMEWORK
At quark level, the semileptonic decays B → K 1 (1270, 1400) + − are governed by the transition b → s + − for which the general effective Hamiltonian in the SM and in THDM can be written, after integrating out the heavy degrees of freedom in the full theory, as [15] :
where O i (µ) (i = 1, 2, · · · , 10) are the four quark operators and C i (µ) are the corresponding Wilson coefficients at the energy scale µ which is usually taken to be the b-quark mass (m b ). The theoretical uncertainties related to the renormalization scale can be reduced when the next to leading logarithm corrections are included. Also the contribution from the charged Higgs boson in case of the THDM is absorbed in these Wilson coefficients. The new operators Q i (i = 1, 2, · · · , 10) come from the NHBs exchange diagrams, whose manifest forms and corresponding
,
The evolution of the coefficients C Q1 and C Q2 is performed by the anomalous dimensions of Q 1 and Q 2 , respectively:
where γ Q = −4 is anomalous dimension of the operators L b R .
The explicit forms of the operators responsible for the decay B → K 1 (1270, 1400) + − , in the SM and the THDMs,
with
Using the effective Hamiltonian given in Eq. (2) the free quark amplitude for b → s + − can be written as
where q is the momentum transfer. By using the knowledge of Wilson coefficients C 7 , C 9 and C 10 calculated at scale m W , the Wilson coefficients C and C 10 can take the form [10, 15] :
It can be easily seen that in the limit y → 0 along with C Q1,2 → 0 the SM results of the Wilson coefficients can be recovered.
Note that the operator O 10 given in Eq. (10c) can not be induced by the insertion of four quark operators because of the absence of Z-boson in the effective theory. Therefore, the Wilson coefficient C 10 does not renormalize under QCD corrections and is independent of the energy scale µ. Additionally the above quark level decay amplitude can get contributions from the matrix element of four quark operators,
+ − s |O i | b , which are usually absorbed into the effective Wilson coefficient C ef f 9 (µ) and can be written as [16] [17] [18] [19] C ef f 
Here M j (Γ 
The phenomenological parameter k j in Eq. (16) is to account for inadequacies of the factorization approximation, and it can be determined from
The function ω j (s) introduced in Eq. (16) is to compensate the naive treatment of long distance contributions due to the charm quark loop in the spirit of quark-hadron duality, which can overestimate the genuine effect of the charm quark at small s remarkably 1 . The quantity ω j (s) can be normalized to ω j (M 2 ψj ) = 1, but its exact form is unknown at present. Since the dominant contribution of the resonances is in the vicinity of the intermediate ψ i masses, we will simply use ω j (s) = 1 in our numerical calculations. In addition, for the resonances J/ψ and ψ are taken to be κ = 1.65 and κ = 2.36, respectively [21] .
Moreover, the non factorizable effects from the charm quark loop brings further corrections to the radiative transition b → sγ, and these can be absorbed into the effective Wilson coefficients C ef f 7 which then takes the form [20, [22] [23] [24] [25] [26] C ef f
where
W and C b→sγ is the absorptive part for the b → scc → sγ rescattering.
1 For extensive discussions on long-distance and short-distance contributions from the charm loop, one can refer to the references [20, 22, [27] [28] [29] [30] [31] .
The exclusive B → K 1 (1270, 1400) + − decays involve the hadronic matrix elements of quark operators given in Eq. (11) . The different matrix elements can be parameterized in terms of the form factors as:
where V µ =sγ µ b, A µ =sγ µ γ 5 b and S =s(1 ± γ 5 )b are the vector, axial vector and (pseudo)scalar currents, involved in the transition matrix, respectively. Also p(k) are the momenta of the B(K 1 ) mesons, q = p − k is the momentum transfer and ε µ correspond to the polarization of the final state axial vector K 1 meson. In Eq. (20), we have
In addition, there is also a contribution from the Penguin form factors which can be expressed as
with F 1 (0) = 2F 2 (0).
As the physical states K 1 (1270) and K 1 (1400) are the mixture of K 1A and K 1B states with mixing angle θ K , as defined in Eqs. (1a-1b), therefore, we can write
where the mixing matrix M is
With these definitions, the corresponding form factors [32] , where a and b are the parameters of the form factors in dipole parametrization.
terms of the following relations
where we have supposed that k
. For the numerical analysis we have used the light-cone QCD sum rules form factors [32] , summarized in Table I , where the momentum dependence dipole parametrization is:
where T is A, V or F form factors and the subscript i can take a value 0, 1, 2 or 3 the superscript X belongs to K 1A or K 1B state.
From Eq. (11), one can get the decay amplitudes for B → K 1 (1270)
where the functions T µ A and T µ V can be written in terms of matrix elements as:
which will take the form
The auxiliary functions appearing in Eqs. (40) and (41) are defined as:
(50)
III. PHYSICAL OBSERVABLES FOR B → K1
+ −
In this section we will present the calculations of the physical observables such as the branching ratios BR, the forward-backward asymmetries A F B and the lepton polarization asymmetries for the decays B → K 1 + − .
The double differential decay rate for B → K 1 + − can be written as [12] dΓ
Now the limits on s and u are
and
Here m corresponds to the mass of the lepton which for our case are the µ and τ . The total decay rate for the decay
The function u(s) is defined Eq. (57) and M(s) can be parametrized as
It is also very useful to define the ratio of the branching fractions (mathcalR ) as:
where = µ, τ .
B. Forward-Backward Asymmetries
In this section we investigate the forward-backward asymmetry (A F B ) of leptons. In the context of THD models, the A F B can also play a crucial role in B → K 1 + − transitions . The differential A F B of final state lepton for the said decays can be written as
From experimental point of view the normalized forward-backward asymmetry is more useful, i.e.,
The normalized A F B for B → K 1 + − can be obtained from Eq. (52) as
where dΓ/ds is given in Eq. (58).
C. Single Lepton Polarization Asymmetries
In the rest frame of the lepton and anti-lepton, the unit vectors along longitudinal, normal and transversal component of the − can be defined as [33] :
where p − and k are the three-momenta of the lepton − and K 1 meson, respectively, in the center mass (c.m.) frame of + − system. Lorentz transformation is used to boost the longitudinal component of the lepton polarization to the c.m. frame of the lepton pair as
where E and m are the energy and mass of the lepton. The normal and transverse components remain unchanged under the Lorentz boost. The longitudinal (P L ), normal (P N ) and transverse (P T ) polarizations of lepton can be defined as:
where i = L, N, T and ξ ∓ is the spin direction along the leptons ∓ . The differential decay rate for polarized lepton ∓ in B → K 1 + − decay along any spin direction ξ ∓ is related to the unpolarized decay rate (58) with the following
The expressions of the longitudinal, normal and transverse lepton polarizations can be written as
where the auxiliary functions f 1 , f 2 , · · · , f 8 are defined in Eqs. (43)- (51). Here we have dropped out the constant factors which are, however, understood.
IV. NUMERICAL RESULTS AND DISCUSSION
In order to perform the numerical analysis of the forward-backward asymmetry (A F B ) and the lepton polarizations asymmetries P L,N,T for the B → K 1 (1270) + − decays, with = µ, τ , we first give the numerical values of input parameters and the SM Wilson coefficients which are used in our numerical calculations in Tables II and III, respectively. In principle, the above listed asymmetries can also be studied when we have K 1 (1400) meson instead of K 1 (1270) meson in the final state. It has already been pointed in literature [13] that the branching ratio of B → K 1 (1400)
is an order of magnitude smaller than its partner B → K 1 (1270) + − decay, therefore, we will limit our study to the case when K 1 (1270) meson comes in the final state. Of course to perform the numerical analysis, another important ingredient is the form factors. The values of the form factors used in the upcoming analysis are the ones calculated using the QCD sum rules and these are summarized in Table I .
Coming to the THDM, the free parameters in these models are the masses of charged Higgs boson m H ± , the coefficients λ tt , λ bb and the ratio of the vacuum expectation values of the two Higgs doubles, i.e. tanβ. The coefficients λ tt and λ bb for the version I and II of the THDM are:
λ tt = cot β, λ bb = − cot β, for model I,
and for version III of THDM, these coefficients are complex, i.e., Table 4 : It is an established fact that in THDM of type II the charged Higgs contribution to B → τ ν interferes necessarily destructive with the SM [42] . The enhancement of Br(B → τ ν) is possible if the absolute value of the contribution of the charged Higgs boson is two times the SM one, but then it is in conflict with the B → Dτ ν. Furthermore, this version of THDM can not explain the observed discrepancy of 2.2σ in R(D) and 2.7σ in R(D * ) compared to their SM value. In order to cure this situation, a detailed discussion on the model III has been done in Ref. [46] .
The purpose of present study is not to put the precise bounds on the parameters of versions of THDM but is to check the profile of different physical observables, e.g. the lepton forward-backward asymmetry as well as the lepton polarization asymmetries in B → K 1 + − decays.
It is important to mention here that as an exclusive decay, there are different source of uncertainties involved in the analysis of the above mentioned decay. The major source of uncertainties in the numerical analysis of B → K 1 + − ( = µ, τ ) decays originated from the B → K 1 transition form factors summarized in Table 1 . But it is also important to stress that these hadronic uncertainties have almost no influence on the various asymmetries including the forwardbackward asymmetries and the lepton polarization asymmetries in B → K 1 + − because of the cancellation among different polarization states and this make them a good tool to probe for physics beyond the SM.
A. Analysis of Forward-Backward Asymmetry
To illustrate the impact of the parametric space of the THDM on the forward-backward asymmetry A F B , we plot new phase δ and for δ = 90
• the NP contribution coming to C 7 is zero and hence the deviation form the SM is small compared to the case when δ = 60
• . Contrary to the µ case, the NP effects in A F B for B → K 1 τ + τ − are too faint for the whole range of phase δ and other parameters of the THDM type III.
It is worth emphasizing that in addition to the NP imprint coming through the Wilson coefficients C 7 , C 9 , C 10 in A F B , there is also a contribution of the NP arising due to the neutral Higgs boson (NHB) coming through the auxiliary function f 8 . It is indeed suppressed compared to the contributions from C 7 , C 9 , C 10 and hence its effects are too mild in the FB asymmetry.
It has already been pointed out that in B → K * + − the charm-loop pollution significantly modify the results of various asymmetries in different bins of the square of momentum s. The perturbative charm-loop contribution is usually absorbed into the definition of C ef f 9 [43] . The long-distance contribution is difficult to estimate, and to incorporate them a universal correction to C 9 arising from the long-distance charm-loop contribution, that we parametrize as [44, 45] : 4 GeV 2 and took the value of δ i = 1 (purple curve) and δ i = −1 (golden curve) in Fig. 3 . We can see that the maximum shift in the value of forward-backward asymmetry is around 20% from the case when charm-loop pollution is ignored. In Figs. 1 and 2 we can see that in certain range of the parameters of THDM, the deviation from the SM value is significantly large. Therefore, in future, when we have data on these decays, it will be possible to limit the parametric space of THDM as well as of the parameters corresponding to charm-loop effects.
Besides the zero position of A F B , its magnitude will also serve as an important tool to see the imprints of NP. The average value of A F B , after integration on s in the range which is below the resonances, i.e., 4m 2 ≤ s ≤ 9GeV 2 for Fig. 4 . In Fig. 4(a) Likewise, we have also shown the dependence of the A F B on the CP violating phase δ arises in model III in Fig. 4(b) . Here, we have kept the the mass of charged Higgs to be 300 GeV and varied the values of λ bb and λ tt for different cases defined in Eq. (71). It can be seen that for small value of the phase, the increase in the value of λ tt will lead to increase in the value of the magnitude of A F B and at the phase value to be 90 • , this value for all the three cases become same. Hence, being insensitive to the uncertainties arising due to different input parameters, the deviations in the magnitude of A F B due to the THDM parameters are very prominent and easy to measure at the experiment which can also help us to put constraints on the parameter space of different versions of THDM.
B. Analysis of Lepton Polarization Asymmetries
In addition to the forward-backward asymmetry, the other interesting asymmetries to get It can be seen that even for small values of the mass of charged Higgs boson, m H ± , and also because of the like sign of λ tt and λ bb the signature of NP coming through THDM type II are prominent at small value of s (c.f. Fig. 5(b) ).
However, in case of τ 's as final state leptons, the NP effects overlap with each other and appear only at high value of s because of the pre-factor of (s − Contrary to the types I and II, in version III of THDM one can expect a large contribution from the NHBs because of the proportionality of inverse of |λ tt | 2 that would lift the lepton mass suppression coming in the last term of longitudinal lepton polarization asymmetry. As |λ tt | is less than one in type III, therefore, the terms proportional to the square of |λ tt | are ignorable compared to the terms linear in λ tt λ bb and hence only the THDM type III contributions will be prominent (c.f. Eq. (12)). As the term λ tt λ bb contains phase δ, therefore, P L will also be sensitive to the phase δ and this can be witnessed from In order to make the impact of NP coming through THDM, we have plotted the average value of the longitudinal lepton polarization asymmetry P L with the charged Higgs boson mass ( Fig. 7(a) ) and with CP violating phase δ (Fig. 7(b) ) in versions II and III of the THDM, respectively. The integration on square of momentum is performed in the range s min ≤ s ≤ 7GeV 2 , i.e., well below the resonance region. along with λ tt = 0.3 and λ bb = 30, the average value of P L is significantly modified which is likely to be measured at some of the on going and future experiments. 
90
• .
To be more clear about the influence of THDM's parameters, we have plotted the average value of normal lepton polarization asymmetry, P N against the mass of the charged Higgs boson (m H ± ) and CP violating phase δ in Figs. 10a and 10b, respectively for B → K 1 µ + µ − decay. In Fig. 10a , one can notice that at small value of m H ± the average value of normal lepton polarization asymmetry is very much sensitive to the value of tan β in THDM type II. We can see that increasing the value of tan β the value of P N increases from −0.105 to −0.125 when the value of m H ± is fixed to 300GeV. However, at large value of the m H ± the value is no more sensitive to the parameters of THDM of type II. Likewise, the average value of P N is also sensitive to the parameters of THDM of type III which is depicted in Fig. 10b . In this figure, we have ntegrated on s in the range s min ≤ s ≤ 3GeV 2 because the most visible effects comes in this bin of s. In Fig. 10b it can be noticed that P N is quite sensitive to the parameters λ tt , λ bb and δ.
We can see that value of P N become more negative when λ tt is decreased from 0.3 to 0.03 and corresponding λ bb increases from 30 to 100. It is very much likely that the measurement of P N and its average value will help us to distinguish the NP effects coming through different versions of the THDM.
In Eq. (70), we can see that the transverse lepton polarization asymmetry (P T ) is not only m suppressed but it is also proportional to the imaginary part of the different combinations of the Wilson coefficients. Therefore, its value is expected to be too small to measure experimentally, therefore, we have not shown it graphically in the present study.
V. CONCLUSION
The experimental results on angular observables in the rare decay B → K * + − have shown some deviations from the SM predications [47] [48] [49] and these observables are investigated in detail in literature [45, 50] . It has been pointed out that in certain observables like P 5 , where the deviations from SM predictions are 2 − 3σ, it is possible to accommodate certain NP and it will be interesting if one do such analysis in different versions of Two Higgs Doublet
Model. However, the purpose here is to give an overview of the NP coming through the allowed parameteric space of the THDM on the forward-backward asymmetry and different lepton polarization asymmetries in B → K 1 + − decays. We observed that the forward-backward asymmetry and the different lepton polarization asymmetries show a clear signal of the THDM model of all the three types. However, the CP violation asymmetry is only non-zero in the type III of the THDM and it is because of the presence of new phase δ and it will be discussed in a separate study [52]. Therefore, the precise measurement of this asymmetry along with the one calculated here will help us to get the constrains on the phase δ as well as other parameters of the THDM.
To sum up, the more data to be available from LHCb and the future super B-factories will provide a powerful testing ground for the SM and also put some constraints on the Two Higgs doublet model parameter space. 
